



can	 be	 raised	 successfully	 almost	 anywhere	
in	 the	 world	 (Speller,	 2009;	 Odutayo	 et al., 
2015).	However,	turkey	production	in	tropical	
and	sub-tropical	countries	involves	mostly	the	
rearing	 of	 indigenous	 turkey	 species	 at	 the	
smallholder	level	(Ojewola	et al.,	2002;	Okoli	et 
al.,	2009).	To	the	poor	majority	in	rural	areas,	
local	 poultry	 serve	 as	 an	 immediate	 source	
of	meat	 and	 income	 for	 urgent	 family	 needs	
(Ekue	et al.,	2002;	Padhi,	2016).	These	birds	
are	generally	hardy,	disease	resistant	and	can	
thrive	 and	 produce	 with	 irregular	 supply	 of	
feed	and	water	and	with	minimum	healthcare	
(Ajayi,	 2010;	 Padhi,	 2016).	 Indigenous	
turkeys	 are	 available	 with	 a	 wide	 variety	 of	
colourful	feathers	with	yet	no	discrimination	
against	 any	 particular	 feather	 colour.	 Colour	
traits	 of	 feathers	 act	 as	 condition-dependent	
indicators	of	male	viability	and	mate	choice	in	
female	 birds	 (MacDougall	 and	Montgomerie,	
2003;	Hill	et al.,	2005).	However,	information	
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into	 deep	 litter	 and	 outdoor,	 respectively.	 Day-old	 poults	were	 brooded	 for	 4	weeks	 and	 acclimatized	 in	 both	
houses	for	2	weeks	before	the	commencement	of	the	study	that	lasted	for	10	weeks. At	the	end	of	the	trial,	2	birds	
per	 replicate	were	 sacrificed	and	 left	 tibiae	were	 removed	 for	morphometric	 and	mineral	 analyses.	Data	were	
arranged	in	a	2	×	2	×	2	factorial	layout	and	subjected	to	Analysis	of	Variance	in	a	Completely	Randomized	Design.	
Results	showed	water	intake	and	water:	feed	were	significantly	(p<0.05)	higher	in	turkeys	reared	on	deep	litter.	
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about	the	relationship	between	feather	colour	
and	performance	of	indigenous	turkeys	is	still	
insufficient	 to	 assess	 its	 use	 in	 commercial	
production.
The	extensive	genetic	diversity	embedded	
in	 indigenous	poultry	 species	 allows	 rearing	
under	varied	environmental	conditions	for	the	
provision	of	a	range	of	products	and	functions	
(Sonaiya	 et al.,	 1999).	 Indigenous	 poultry	
are	 mostly	 reared	 in	 rural	 backyard	 poultry	
production	 systems	where	 they	 exhibit	 their	
natural	 behaviour	 (such	 as	 foraging,	 dust	
bathing	 and	 scratching)	 due	 to	 ample	 space	
and	 access	 to	 diverse	 resources	 (Bracke	 and	
Hopster,	 2006);	 thereby	 yielding	 products	
with	 better	 taste	 and	 flavour	 compared	 to	
intensively	 reared	 birds	 (Fanatico	 et al.,	
2006;	 Sogunle	 et al.,	 2014).	 However,	 their	
productive	 potential	 in	 growth	 has	 not	
been	 fully	 exploited.	 Researchers	 (Sarkar	
and	 Golam,	 2009;	 Okeno	 et al.,	 2012)	 have	
established	that	changes	in	production	system	
can	improve	poultry	performance,	hence	best	




Though	 the	 growth	 rate	 of	 turkeys	 has	







Under	 normal	 conditions,	 bones	 respond	
to	 increased	 body	 weight	 by	 continually	
increasing	their	rates	of	remodelling	(Turner	
and	Robling,	2004),	but	bones	of	heavier	birds	
are	 often	 abnormally	 developed	 with	 high	
porosity	and	much	 lower	density	which	may	
eventually	 lead	 to	 bone	 fracture	 (Williams	
et al.,	 2004;	 Bennett,	 2008).	 These	 fractures	
are	 a	major	 concern	 to	 turkey	 producers,	 as	
the	 fractured	 bone	 may	 lacerate	 the	 artery	
and	 result	 in	 death	 (Van	Wyhe	 et al., 2014).	
Researchers	(Rath	et al.,	2000;	Dawkins	et al.,	




and	 environmental	 constraints	 that	 can	
deteriorate	 skeletal	 health.	 Hence,	 improved	
housing	 systems	 that	 is	welfare-friendly	 and	
accommodates	the	large	body	mass	of	turkeys	
with	respect	to	its	concomitant	increase	in	the	
size	and	 strength	of	 skeletal	 structure	needs	
to	be	investigated	(Warden,	2006).	
This	 study	 therefore	 aimed	 to	 compare	
the	growth	performance,	tibiae	morphometry	
and	minerals	(Ca	and	P)	of	sexed	indigenous	




This	 experiment	 was	 carried	 out	 at	 the	
Poultry	Unit	of	the	Directorate	of	University	Farms	
(DUFARMS),	 Federal	 University	 of	 Agriculture,	
Abeokuta,	Ogun	state,	Nigeria	which	was	situated	
at	an	altitude	of	148	meters	between	 latitude	7°	
13’	N	 and	 longitude	3°	26’	E	 (Federal	University	
of	Agriculture,	Abeokuta	Agro-meteorology	Unit).
Experimental birds management
The	 study	 consisted	 of	 sexed	 turkeys	 (male	
and	female),	grouped	on	basis	of	2	distinct	feather	
colours	 (white	 and	 black)	 into	 deep	 litter	 and	
outdoor	 houses,	 respectively	 for	 a	 total	 of	 400	
birds	 in	 an	experiment	 that	 lasted	 for	10	weeks.	
Two	 hundred	 (200)	 sexed	 day-old	 poults	 with	
white	feathers	and	200	sexed	day-old	poults	with	
black	 feathers	 were	 brooded	 separately	 in	 an	
environmentally	 controlled	 house	 for	 4	 weeks.	







Description of Experimental Houses 
Individual	 indoor	 pen	 (deep	 litter)	 and	 outdoor	
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density	of	4	m2	per	turkey	for	birds	to	exhibit	their	
natural	behaviour	 (such	as	 foraging,	dust	bathing	
and	 scratching)	 and	 access	 to	 diverse	 resources	
similar	to	its	natural	habitat.
Experimental Diet 
The	 diet	 formulated	 during	 the	 experiment	
met	 the	 recommendations	 of	 National	 Research	
Council	(NRC,	1994).		Pre-starter	from	1-3	weeks	
of	 age,	 starter	 from	 3-6	 weeks	 of	 age,	 grower	
from	 6-9	 weeks	 of	 age	 and	 finisher	 from	 9-16	
weeks	 of	 age.	 The	 birds	 under	 deep	 litter	 had	
access	 to	 ad libitum	 supply	 of	 formulated	 feed	
and	 water	 throughout	 the	 experimental	 period.	
However,	birds	under	outdoor	system	had	access	
to	Scavengeable	Feed	Resource	Base	(SFRB)	which	
included;	 household	 cooking	 waste,	 cereal	 and	
cereal	 by-products,	 vegetable	 weed	 particularly	
Talinum triangulare, shrubs,	 sedges	 and	 grasses	
(including, Heliotropium indicum Linn, Cyperus iria 
Linn, Eragrostis tenella and Eleusine indica Graertn), 
animal	 proteins	 (maggots	 and	 earthworms)	 and	
the	 formulated	 ration.	 As	 enunciated	 by	 Olaniyi	
et al. (2012),	the	value	of	the	SFRB	was	estimated	
by	 weighing	 the	 amount	 of	 daily	 feed	 product/
household	 waste	 generated	 by	 families	 around	
the	 experimental	 site	 as	 parameter	 ‘H’	 divided	





SFRB	=		   
Experimental Design
The	 experiment	was	 arranged	 in	 a	 2	 ×	 2×	 2	
factorial	layout.	There	were	8	treatments	consisting	
of	 50	 birds	 per	 treatment.	 Each	 treatment	 was	
further	sub-divided	into	five	replicates	of	10	birds	
each	using	numbered	rings	for	identification.	The	
descriptions	 of	 experimental	 treatments	 are	 as	
follows;
Treatment	 1:	 male	 turkeys	 with	 white	 feathers	
under	deep	litter	
Treatment	2:	 female	 turkeys	with	white	 feathers	
under	deep	litter	
Treatment	 3:	 male	 turkeys	 with	 black	 feathers	
under	deep	litter	
Treatment	 4:	 female	 turkeys	with	 black	 feathers	
under	deep	litter	
Treatment	 5:	 male	 turkeys	 with	 white	 feathers	
under	outdoor	
Treatment	6:	 female	 turkeys	with	white	 feathers	
under	outdoor	
Treatment	 7:	 male	 turkeys	 with	 black	 feathers	
under	outdoor	




Body	 weight,	 feed	 and	 water	 intakes	 were	




to	water	 intake	using	 the	 formula:	water	 to	 feed	
ratio	=	(Feed	intake/water	intake).
Tibiae morphometry
At	 the	 end	 of	 the	 trial,	 two	 birds	 from	 each	
replicate	were	sacrificed	through	cervical	disloca-
tion	 and	 their	 left	 tibiae	were	 removed	 for	mor-
phometric	 and	 mineral	 composition	 analyses	 as	
described	by	Sogunle	et al.	 (2018).	Tibiae	meas-
urements	 were	 carried	 out	 in	 the	 Laboratory	 of	
the	Department	of	Animal	Production	and	Health,	
Federal	University	of	Agriculture,	Abeokuta.
The	 tibiae	 weights	 were	 measured	 using	
scientific	 sensitive	 scale.	 Tibia	 length,	 proximal	
width,	 mid-shaft	 width	 and	 distal	 width	 were	
measured	 with	 vernier	 callipers.	 The	 tibiae	
weight/length	 index	 was	 obtained	 by	 dividing	
the	tibia	weight	by	its	length	(Seedor	et al.,	1991),	
while	robusticity	index	was	determined	using	the	
following	 formula	 as	 described	 by	 Mutus	 et al. 
(2006):	 Robusticity	 index	 =	 (Bone	 length/Cube	
root	of	tibia	weight)
Determination of tibiae minerals 
(Calcium and Phosphorus)




acid	 (1:2)	 and	 mineral	 extract	 was	 prepared	
according	to	AOAC	(1995).	The	extract	from	each	
replicate	 was	 selected	 and	 the	 concentration	 of	
calcium	(Ca)	and	phosphorus	(P)	were	determined	
by	 Inductively	 Coupled	 Plasma	 Optical	 Emission	
Spectrometry.
Statistical Analysis
Data	 obtained	 were	 arranged	 in	 2	 ×	 2×	 2	
factorial	 layout	 and	 subjected	 to	 Analysis	 of	
SAFIYU	et al.
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Evaluation	of	Growth	Traits	and	Tibiae	Health	in	Sexed	Indigenous	Turkeys	with	Different	Feather	Colours...
Variance	 in	 a	 Completely	 Randomized	 Design.	
Significant	 differences	 between	 means	 were	
separated	 using	 Tukey	 Test	 as	 contained	 in	






and	 sex	 on	 growth	 performance	 of	 indigenous 
turkeys	 are	 depicted	 in	 Table	 1.	 Average	 water	
intake	was	 significantly	 (p<0.05)	 higher	 (338.04	
g/bird/day)	 in	 turkeys	 reared	on	deep	 litter	and	
lower	 (301.24	 g/bird/day)	 in	 turkeys	 reared	
outdoor.	This	result	could	be	due	to	 the	 fact	 that	
turkeys	 under	 outdoor	 run	 system	 spent	 more	
time	 scavenging	 in	 the	 outside	 run	 and	 had	
access	 to	 available	 droplets	 of	 water	 on	 plant	
surfaces	 unlike	 turkeys	 in	 deep	 litter	 that	 had	
no	 alternative	 source	 of	 water	 except	 the	 water	















water	 to	 feed	 ratio	 in	 poultry.	 However,	 feather	
colour	 had	 no	 significant	 (p>0.05)	 influence	 on	
growth	performance	of	turkeys.
This	 negated	 previous	 studies	 where	 a	
depressive	 effect	 of	 the	 recessive	white-plumage	
colour	 on	 growth	 rate	 was	 reported	 in	 quail	











Deep	litter 30.03 131.21 4.45 338.04a 2.58a
Outdoor	run 30.73 130.05 4.34 301.24b 2.32b
Feather colour
White 30.31 130.09 4.37 318.22 2.45
Black 30.46 131.18 4.42 321.06 2.45
Sex
Tom 36.16a 141.98a 3.94b 333.05a 2.34b
Hen 24.60b 119.29b 4.86a 306.23b 2.57a
SEM 0.56 3.37 0.12 7.70 0.01
P value
HS 0.389 0.810 0.523 0.004 0.002
FC 0.847 0.823 0.778 0.797 0.997
S <0.001 <0.001 <0.001 0.026 0.010
HS×	FC 0.752 0.585 0.458 0.627 0.762
HS×S 0.018 0.031 0.013 0.036 0.023
S	×	FC 0.369 0.919 0.466 0.660 0.689
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also	 observed	 significant	 differences	 in	 feed	
intake	 and	FCR	of	 Japanese	quails	with	different	
feather	 colours.	 This	 variation	 in	 results	 could	
be	attributed	 to	differences	 in	 species	of	poultry	
reared.
Also,	 the	 effect	 of	 sex	 significantly	 (p<0.05)	
influenced	all	parameters	measured.	Male	turkeys	
recorded	significantly	(p<0.05)	higher	values		for	
average	weight	 gain	 (36.16	 g/bird/day),	 average	
feed	 and	 water	 intakes	 (141.98	 g/bird/day	 and	
333.05	ml/bird/day,	respectively)	relative	to	values	
(24.60	g/bird/day,	119.29	g/bird/day	and	306.23	
ml/bird/day)	recorded	 in	 female	 turkeys.	Higher	
body	weights	 recorded	 in	male	 turkeys	 could	be	
as	 a	 result	 of	 higher	 feed	 intake	 and	 its	 better	
physiological	capacity	in	converting	feed	into	body	
weight.	 On	 the	 other	 hand,	 FCR	 and	 water-feed	
intake	 ratio	 were	 significantly	 (p<0.05)	 better	
(3.94	and	2.34	ml/g)	 in	male	 turkeys	 than	 (4.86	
and	2.57	ml/g)	recorded	in	female	turkeys.	These	





on	 all	 the	 parameters	 considered.	 This	 thereby	
shows	the	relative	influence	of	housing	system	on	
growth	performance	of	the	turkey.
In	 Figure	 1,	 the	 linear	 growth	 curve	 of	
indigenous	turkeys	on	deep	litter	had	a	coefficient	
of	 regression	 (R2)	 of	 0.9969	 with	 a	 prediction	
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outdoor	 run	 recorded	 a	 R2	 value	 of	 0.9939	with	
a	 prediction	 equation	 of	 y	 =	 0.2114x	 +	 0.4876.	
However,	 in	 the	 quadratic	 growth	 curve	 (Figure	




the	 linear	 curve	 for	 turkeys	 with	 white	 feathers	
had	 an	 equation	 of	 y	 =	 0.2128x	 +	 0.4846	 (R2: 
0.9944)	while	y	=	0.2108x	+	0.5379	(R2:	0.9971)	
was	predicted	for	turkeys	with	black	feathers.	
But	 in	 Figure	 4,	 the	 quadratic	 growth	 curve	
for	turkeys	with	different	feather	colour	revealed 
equations;	 y	 =	 0.0046x2	 +	 0.1578x	 +	 0.6037(R2: 
0.998)	 for	 turkeys	 with	 white	 feathers	 and y	 =	
0.0029x2	 +	 0.1755x	 +	 0.6144	 (R2:	 0.9986)	 for	
turkeys	with	black	plumages.	
Linear	 curve	 fit	 of	 growth	 for	 sex	 shown	 in	
Figure	 5	 revealed	 a	 prediction	 equation	 of	 y	 =	




for	 sex	 is	 shown.	Male	 turkeys	 had	 a	 prediction	
equation	of	y	=	0.0066x2	+	0.1694x	+	0.6934	(R2: 
0.9992)	 while	 female	 turkeys	 had	 a	 prediction	
equation	of	y	=	0.0009x2	+	0.1639x	+	0.5246	(R2: 
0.9983).	
The	 linear,	 exponential	 and	quadratic	 curves	
used	 to	 explain	 the	 variation	 in	 body	 weight	 as	
affected	by	housing	system,	feather	colour	and	sex	
best	 fit	 the	 quadratic	 curve	 as	 a	 result	 of	 higher	
values	recorded	for	R2.	






and	 sex	 on	 tibia	 morphometry	 of	 turkeys	 are	
shown	 in	 Table	 2.	 Tibia	 length	 and	 ash	 weight	
were	 significantly	 (p<0.05)	 greater	 (103.96	 mm 
and	4.03	g)	 in	 turkeys	 reared	 in	deep	 litter	 than	
observed	values	(101.40	mm and	3.48	g)	in	turkeys	
under	 outdoor	 run.	 Also,	 significantly	 (p<0.05)	




physical	 factors	 such	 as	 mechanical	 stress	 and	
physical	activities	(Rath	et al.,	2000).	Hence,	a	good	
grasp	 of	 the	 concept	 of	 mineralization	 of	 bone	
matrix	with	 respect	 to	 its	 physical	 and	 chemical	
structure	 is	 of	 great	 economic	 importance	 for	
growth	 and	 metabolism	 of	 meat-type	 poultry	
species,	 however	 literature	 is	 limited	 on	 the	
comparison	 of	 bone	 quality	measurements	 from	
turkeys	reared	in	different	housing	systems.
In	 view	 of	 this,	 our	 findings	 contrasted	
earlier	 reports	 on	 broiler	 chicken	 (Tolon	 and	
Yalcin,	 1997;	 Olaifa	 et al.,	 2015;	 Özhan	 et al.,	
2016)	where	negligible	means	were	reported	for	
bone	measurements	 obtained	 from	 birds	 reared	
in	 different	 housing	 systems.	 Housing	 by	 sex	 by	
feather	 colour	 interaction	 significantly	 affected	








































11.00	 103.96a  10.52				 25.86				 22.67				 104.56			 0.38			 2.96			 4.03a   
Outdoor	
run
10.02				 101.40b 10.48				 25.27				 22.47				 97.66					 0.37			 3.16			 3.48b   
Feather 
colour
White 10.18				 101.43b 10.47				 25.42				 22.43				 99.28					 0.37			 3.11			 3.70			
Black 10.84				 103.93a  10.54				 25.71				 22.73				 102.93			 0.39			 3.00			 3.81			
Sex
Male 12.76a    109.99a  11.23a  27.45a  24.52a  115.68a   0.40a   2.64b   4.43a   
Female 8.26b    95.37b    9.77b    23.68b  20.62b  86.53b     0.36b   3.48a   3.06b  
SEM 0.36 0.79 0.19 0.24 0.26 2.98 0.01 0.09 0.08
P	value
HS 0.084 0.043 0.880 0.114 0.601 0.133 0.297 0.161 <0.001
FC 0.228 0.048 0.816 0.410 0.412 0.413 0.212 0.412 0.391
S <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.016 <0.001 <0.001
HS×	FC 0.331 0.045 0.674 0.481 0.765 0.323 0.551 0.295 0.041
HS×S 0.028 0.039 0.048 0.042 0.034 0.014 0.479 0.022 0.067
S	×	FC 0.024 0.026 0.010 0.049 0.013 0.047 0.801 0.027 0.039
HS×S×FC 0.041 0.030 0.023 0.012 0.039 0.032 0.897 0.037 0.026
Means	on	the	same	column	having	different	superscript	differ	significantly	at	P < 0.05.	HS	=	Housing	system,	FC	=	Feather	colour,	S	=	Sex
Table 3. Effects	of	housing	system,	feather	colour	and	sex	on	tibiae	minerals	of	turkeys
Parameters Bone Mineral Content (%) Calcium (%) Phosphorus (%)
Housing system Deep	litter 37.01 4.31a 7.92
Outdoor	run 35.36 2.25b 9.43
Feather colour White 36.88 2.81 8.54
Black 35.49 3.75 8.85
Sex Male 35.06 2.24b 6.49b
Female 37.31 4.32a 10.86a
SEM 0.89 0.53 0.58
P	value
HS 0.221 0.025 0.102
FC 0.300 0.248 0.686
S 0.101 0.024 0.001
HS×	FC 0.166 0.897 0.690
HS×S 0.634 0.031 0.033
S	×	FC 0.835 0.485 0.046
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bone	density.	Disparity	in	present	and	past	results	
could	 be	 attributed	 to	 differences	 in	 poultry	
species	used.	In	a	study	by	Lilburn	(1994)	where	
skeletal	 growth	 of	 commercial	 poultry	 species	
were	 compared,	 relative	 tibia	 development	 was	
significantly	 lower	 in	 broilers	 compared	 with	
turkeys	 and	 ducks.	 In	 addition,	 sex	 significantly	
(p<0.05)	 influenced	 all	 tibiae	 morphometric	
parameters	with	 higher	 values	 for	 tibiae	weight,	
length,	 mid-shaft	 width,	 proximal	 width,	 distal	
width,	 ash	 weight,	 weight	 to	 length	 index	 and	
relative	 bone	 density	 recorded	 in	 male	 turkeys.	
Size	differences,	as	well	as	hormonal	differences,	
can	account	for	the	differences	in	the	bone	quality	
between	 males	 and	 females	 (Rath	 et al.,	 2000).	
Male	turkeys	are	mostly	heavier	with	longer	body	
measurements	 (body	 length,	 thigh	 length,	 shank	





The	 authors	 recorded	 longer	 tibia	 lengths	
in	 male	 indigenous	 and	 broiler	 chickens	 when	
compared	 with	 their	 female	 counterparts.	
According	to	Rath	et al.	 (1999),	male	and	 female	
birds	 of	 the	 same	 age	 show	 different	 bone	
measurements,	 with	 the	 females	 showing	 a	
consistently	lower	value.	In	another	study	by	Rose	
et al.	 (1996),	 female	 broiler	 chicken	 had	 lower	




than	 tibia	 from	 males.	 As	 defined	 by	 Ruff	 et al. 
(1993),	 robusticity	 index	 is	 the	 measure	 of	 the	
strength	of	a	bone	in	relation	to	the	mechanically	
relevant	measure	of	body	size	of	the	animal.
Tibiae minerals (Ca and P)
In	 Table	 3,	 the	 effects	 of	 housing	 system,	
feather	 colour	 and	 sex	 on	 tibiae	 minerals	 of	
turkeys	 is	presented.	Tibiae	calcium	content	was	





values	 (2.24	 and	 6.49%)	 recorded	male	 turkeys.	
Bone	 mineral	 matrix	 predominantly	 contains	
Ca	 and	 P	which	 provides	 rigidity	 to	 the	 skeletal	
system.	
These	minerals	are	also	essential	during	egg	
shell	 formation	 in	 female	 birds.	 The	 findings	 of	
this	 study	 confirmed	 earlier	 report	 of	 Dacke	 et 
al.	 (1993);	 that	maturation	of	ovarian	 follicles	 in	
female	 birds	 result	 in	 the	 development	 of	 bones	
essentially	woven	with	a	high	rate	of	remodelling	
for	 adequate	 provision	 of	 calcium	 to	 meet	 the	
demand	of	eggshell	formation.	This	was	shown	in	
the	significant	interaction	between	housing	system	
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